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INTRODUCTION. 


While many studies have been made of the digestibility of milk, 
cereals, fats, vegetables, and meats (especially beef), less information 
is available regarding the digestibility of fish. Slowzoff? has reported 
experiments with six persons in which fish was substituted for meat 
in an otherwise uniform diet to determine its effect on the metabolism 
of phosphorus, calcium, and magnesium. He found no change in 
the metabolism of phosphorus; the absorption of calcium was dimin- 
ished 5 per cent, and the absorption of magnesium was increased 8 
per cent. Kifanitsyn* found that the protein supplied by salt cod 
was 90 per cent digested by human subjects when the fish was eaten 
-alone and 94.4 per cent digested when eaten as a part of a mixed diet. 
Rozov,* in a study of the relative digestibility of the fat of smoked 

. and fresh smelt, found that it was 98 per cent utilized in the smoked 
and 97 per cent in the fresh. Slowzoff and Krawtschenko® report 


1 Prepared under the direction of C. F. Langworthy, Chief, Office of Home Economics. 
2 Verhandl. Gesell. Russ. Arzte St. Petersb., 76 (1909), p. 220. 
3 Nutritive Value of the Cod. Diss., Imp. Mil. Med. Acad. [St. Petersb.], 1887, pp. 56. (Russian.] 
oy 4 Comparative Assimilation of Fats from Fresh and Smoked Fish. Diss., Imp. Mil. Med. Acad.[ St. 
~~ Petersb.], 1891, pp. 48. [Russian.]} 
5 Verhandl. Gesell. Russ. Arzte St. Petersb., 1907-8; abs. in Zentbl. Gesam. Physiol. u. Path. Stoff- 
wechsels, n. ser., 4 (1909), No. 1, p. 40. 


Note.—This bulletin records studies of the digestibility of Boston mackerel, butterfish, grayfish, and 
salmon, and is primarily of interest to students and investigators of food problems. 
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that the absorption of mineral salts is better on a diet containing 
fresh or salt fish and poorer on a diet containing dried fish than on a 
diet containing beef. Van Slyke and White,! using the rate of excre- 
tion of nitrogen in the urine as an index of the rate of protein diges- 
tion, found that boiled cod (fresh) was more rapidly digested than 
boiled beet, boiled weakfish, boiled mussel, and boiled cod (salt). 
Rosenfeld,’ in a study of the nutritive value of fish (sea pike and sea 
salmon), concludes that fish causes the excretion of a smaller 
amount of uric acid than meat and that fish is equal to beef for 
maintaining nitrogen equilibrium. In digestion experiments with 
beef and fish, Atwater * compared the amounts of protein, fat. and 
ash assimilated, and obtained the same coefficients of digestibility 
for both food materials. 

Studies of the digestibility of canned salmon have been reported 
by Milner,* who found in four experiments in which an average of 
401 grams of salmon was eaten daily for three days with a simple 
mixed basal ration consisting of bread, milk, butter, and sugar, that 
96 per cent of the protein and 97 per cent of the fat of the salmon 
were retained by the body. 

A number of other investigators have studied the value of fish flesh 
for food purposes by means of artificial digestion experiments. 
Hénigsberg® studied the relative digestibility of fish and found that 
pepsin digested whitefish protein more rapidly than raw and less 
rapidly than cooked beef. In a study of the digestibility of fish pro- 
tein by trypsin, White and Crozier ® found that boiled codfish and 
dogfish digested more readily than boiled beef. Sulima’ conducted 
experiments to determine whether there were differences in food in 
the raw state and that cooked at a high temperature which would 
affect the digestive process and concluded that gastric digestion was 
much slower with cooked than with uncooked fish (sardines). This 
difference, he believed, was due to the enzyms present in the raw 
fish. Kénig and Spittgerber,’ as a result of determinations of the 
composition, energy value, and constants of fish fat, and a study of 
the digestibility of fish flesh by means of artificial digestion exper- 
iments, concluded that fish flesh is as easily and completely digested 
as Meat. 

In the earliest elaborate series of investigations of food materials 
made in this country, Atwater® studied the composition of fish, 
and the results of this investigation contributed largely to the gen- 

1 Jour. Biol. Chem., 9 (1911), No. 3-4, pp. 219-229. 

2 Zentbl. Inn. Med., 27 (1906), No. 7, pp. 169-176. 

3 Ztschr. Biol., 24 (1888), No. 1, pp. 16-28; abs. in Jahresber. Tier Chem., 17 (1887), p. 418. 
4 Connecticut Storrs Sta. Rpt. 1905, p. 142. 

5 Wiener Med. B1., 5 (1882), Nos. 19, pp. 582-585; 20, pp. 614-616. 

6 Jour. Amer. Chem. Soc., 33 (1911), No. 12, pp. 2042-2048. 

7 Arch. Hyg., 75 (1912), No. 6-7, pp. 235-264. 


8 Landw. Jahrb., 38 (1909), Sup. 4, pp. 1-169. 
9U.8. Comr. Fish and Fisheries Rpt. 1883, pp. 423-494. 
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eral knowledge of the food value of fish and its importance as a 
source of fat and other nutrients in the diet. The results of his 
studies! of 50 or-more varieties showed that, on an average, fish 
contains over 18 per cent of protein, and about 4 per cent of fat. 
Generalizing from these data it has been pointed out? that fish 
may. be divided on the basis of their fat content into three classes: 
Those with over 5 per cent fat such as shad, salmon, butterfish, and 
herring; those containing from 2 to 5 per cent fat such as whitefish, 
halibut, and porgy; and those containing less than 2 per cent fat such 
as bluefish, haddock, and cod. It is evident that fish, ike meat, may 

contribute materially to the fat of the diet, particularly if the fatter 
varieties are eaten. On the basis of the protein they supply they 
also resemble meat, and this is true too with respect to the ways in 
which they are used in the diet. Accordingly, fish should be 
considered as a protein food and classed with the meats. However, 

- notwithstanding the fact that protein is essential in the diet and fat 
is supplied in a readily assimilated form in fish, the use of fish is 
small in comparison with the use of beef, pork, and mutton, which 
are also sources of animal protein. The demand for land animal 
“meats” is at present in excess of the supply, while the possible sup- 
ply of fish is believed to be much greater than the present demand. 
_ In view of the attempts which are being made to interest the 
public in methods of reducing the consumption of meat without 
lessening the nutritive value and attractiveness of the diet, definite 
knowledge of the food value of fish is of especial importance. And 
so, as part of the studies of the food value and uses of fish in the home, 
which are being undertaken, it seemed desirable to study the digesti- 
bility of some varieties of fish taken to be representative of general 
types, including some which are well known and one, grayfish, 
which is comparatively new in the American market. 


DIGESTION EXPERIMENTS WITH MEN. 


Seven young men (medical and dental students) who had gained 
experience in other investigations of like character, served as sub- 
jects in this investigation. They were all normal individuals of good 
health, and reasonably active. During the experimental period they 
were requested to observe their usual routine as regards amount of 
exercise taken, hours of eating, etc. From their knowledge of physi- 
ology and previous experience in this type of work, they were suf- 
ficiently informed of the nature of their duties to appreciate the im- 

_portance of carefully following the directions given them. 

For the purpose of this investigation a special fore period and after 

period were not considered necessary, and accordingly the subjects 


1 Loc. cit. and U.S. Dept. Agr., Office Expt. Stas. Bul. 28 (1906), rev. ed., pp. 45-50. 
2U.S8. Dept. Agr., Farmers’ Bul. 85 (1898), p. 14. 
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were allowed to follow their customary dietary routine preceding and 
following the experimental period. For the purpose of identifying 
the feces of the experimental period, three or four gelatin capsules 
containing about 0.3 gram of pulverized charcoal were taken with 
the first meal of the experimental period and with the first meal fol- 
lowing it; the separation of the feces due to the diet under investiga- 
tion was easily made at the lines of demarcation made by the por- 
tions dully colored by the charcoal. | 

Inasmuch as this study is concerned principally with the coefficient 
of digestibility of the protein and fat of the fish, no attempt was made 
to maintain a nitrogen equilibrium or uniform body weight of the sub- 
jects. The urine resulting from the experimental periods was not 
collected, for 1 was considered that any constituents of the foods 
which had been sufficiently broken down to appear in the urine 
had undergone the process of digestion; furthermore, the results ob- 
tained by collecting’ and analyzing the urine of a short test period 
are not entirely conclusive since the urine can not be separated as 
satisfactorily as the feces. 


PREPARATION OF FISH. 


In this study of the digestibility of different types of fish, fresh 
butterfish and Boston mackerel were used, and canned grayfish and 
canned salmon. A fish loaf seemed to be the best form in which to 
prepare the fish for eating, since sufficient quantities for the entire 
experimental period could be prepared at one time. Furthermore, 
it was easy to prepare a fish loaf having a uniform. composition and 
one which would not change materially on standing by the settling 
out of fat or evaporation of water. 

The butterfish and mackerel received a preliminary cooking before 
being incorporated in the fishloaf. The fish, after being cleaned, were 
thor sails washed and placed as close as Steen to each poe: in a 
covered cooker, water was added, and they were cooked for one-half 
hour. They were not boiled, but steamed in a very smail quantity 
of water which prevented browning or sticking to the pan. To 
prevent any loss due to extracted fat and protein, the water in 
which the fish were steamed was retained-and mixed with the fish 
meat, Beythient having reported that the water in which fish 
were boiled contained 8.8 to 11.3 per cent of the total fish protein. 
After this preliminary cooking of the butterfish and mackerel, the 
bones, any pieces of fins, etc., were removed and the fish meat was 


‘ 
: 
; 
é 


en ee ee ee ee 


cut in an ordinary ome meat cutter. The bones and bits of . 


skin were removed from the canned grayfish and salmon, and the 
solid meat was minced in a meat cutter. From this point ‘he prepa- 


1 Pharm. Centralhalle, 47 (1906), p. 140. 
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ration of the fish loaf was identical for the canned and fresh fish. 
In each instance a quantity of the fish to be studied sufficient for the 
entire test period, after being mixed with salt and pepper, was very 
thoroughly and uniformly mixed and baked for two to three hours 
in a moderate oven. Whatever crust formed during baking was 
removed, and the remaining portion was again thoroughly mixed 
in order to secure a uniform product, after which a sample was 
taken for analysis. 
NATURE OF THE DIET. 


Inasmuch as experience has shown that in studying the digestibility 
of a single food it is desirable to supply the food material under con- 
sideration as a part of a simple mixed diet, a suitable basal ration 
was served with the fish loaf. It consisted of boiled potatoes, crackers, 
apple sauce, sugar, tea or coffee, and a little lemon juice as a condi- 
ment in some cases. In accordance with the usual custom, a sufficient 
supply of the special food under consideration (fish loaf) and of the 
other foods was prepared in advance for the whole experimental 
period. The fish loaf was kept in a refrigerator at 15° C. and remained 
fresh and in good condition, as did also the potatoes, which were 
boiled, mashed, and thoroughly mixed to insure uniform composi- 
tion. The apples, which were eaten raw, were of good grade and 
pleasant flavor. The crackers or “‘biscuits’’ used were taken from 
a large lot and assumed to be of uniform composition. Though no 
attempt was made to have all eat like amounts, the subjects were 
urged to eat liberally of the fish loaf and moderately of the crackers 
and potatoes, following their individual preferences with respect to 
the apples and the tea or coffee. 

As a whole, the ration, though it contained no added fat and only 
moderate amounts of carbohydrates, was reasonably generous as 
regards protein and energy and was varied enough not to become 
tiresome. 

The food for each man for each meal was weighed in advance and 
kept separate. All remaining uneaten was weighed. The difference 
between the amount furnished and the amount remaining repre- 
sented the amount eaten. 

Samples of the food were reserved for analysis. The small amount 
of lemon juice (on an average, 35 grams per day), which was eaten 
with the butterfish and the Boston mackerel, was disregarded in 
computing the food value of the diet. 

The feces were collected, sampled, and analyzed by the methods 

‘ followed in the department’s digestion experiments, of which the 
present investigation forms a part.' 


1U.S. Dept. Agr. Bul. 310 (1915), pp. 23. See list on last page. 
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BOSTON MACKEREL. 


The investigations reported in this paper, which form a part of 
an extended study of the digestibility, nutritive value, and uses in 
the home of fish and fish products, have to do particularly with the 
digestibility of protein. One of the varieties of fish, Boston mack- 
erel, here studied in comparison with other sorts of fish, has, however, 
been considered from the standpoint of the relative digestibility of 
animal fats of different kinds in an earlier bulletin.'! 

Boston mackerel (Scomber scombrus, Linneus) is a highly fla- 
vored fish, which can be compared to moderately fat meat in food 
value, since it supplies good amounts of both protein and fat. This 
fish, which is found throughout the north Atlantic, spends the winter 
months in deep water; in the spring, schools rise to the surface and 
approach the land. This fish forms one of the chief products of 
the New England fisheries, the catch during the year 1916 amounting 
to approximately 16,000,000 pounds. The fish used in this inves- 
tigation were purchased at a local market and weighed, after clean- 
ing, ‘approximately 3 pounds each. They were procured at the 
height of the season, were in prime condition, and when prepared 
in the form of a fish loaf made a most appetizing dish. While the 
Boston mackerel possesses a characteristic flavor which is quite 
pronounced in the boiled or fried fish, this flavor was not evident in 
the fish loaf. - 

Three subjects living under normal conditions, who had acquired 
considerable experience in work of this kind in connection with the 
determination of the digestibility of some of the common edible fats 
of animal and vegetable origin, assisted in this study. The results 
which were obtained in the three-day test period follow. 


1U.S. Dept. Agr. Bul. 507 (1917), p. 16. 


— 


DIGESTIBILITY OF FISH. 7 
Data of digestion experiments with Boston mackerel in a simple mixed diet. 
Constituents of foods. 
Experiment, subject, and diet. vy cen Carbo: 
Water. |Protein. Fat. hy- Ash. 
drates. 
Experiment No. 444, subject D. G. G.: Grams. Grams. | Grams. | Grams. | Grams. | Grams. 
Boston mackerel (in form of fish loaf) nena 1, 496. 0 926. 0 323.0 TGQEQ YAR Seok Tne 47.1 
ZOLA COM nero e Genes mos UE ee 439. 0 331.5 11.0 5a 91.7 4,4 
CRACK eT See ete re ete eal Sloe ae 284. 0 19.6 23.0 38.0 201.1 2.3 
BEOIGUL IG eee eee oe ee nn NR I IN ee 182020) | 6. 7 oe 6.6 187.4 4.0 
SIDI BIO CSch Ae a ch UU Aaa a So Re NE aah a ene OL OMUeS hee seis cae cctoe sles rection 7. Sa eee 
Total foodtconsumediyts 223455. 855.0 222 3,710.0 | 2,393.8 362. 3 244.9 651. 2 57.8 
FILO COS aero a a ON in te enn tere Se SH GEOL Seas 19.3 10.1 31.9 5.7 
ANG OOOO AL, THEY NWA 3 8 Ries ee se Be kei es tes al ean lL See ie a Ke ed eB 343. 0 234. 8 619.3 52.1 
PGP Ganth WMT ee GPS SNe ssacd ben Ger Hosea aaoecoscede sos cocscss 94.7 95.9 95.1 90.1 
Experiment No. 446, subject R. L. S.: 
Boston mackerel (in form of fish ioaf) beees 1,184.0 732.9 255. 6 IB So ep Soocnac 37.3 
EADY REO) 5 55 sess Se ge a a ar a 227.0 171. 4 SHIT SYP 47.4 223 
CRACK CLS ae ee yarn oe eee EE LS 243.0 16.8 19.7 32.6 172. 0 1.9 
Tre peste paca Ss “che pe SEE OP ERS A ame ae 1,376.0 | 1,164.1 5.5 6.9 195. 4 4.1 
DUCA are eet en eee oes on ne ears cie sinless ci <\s/=s Bet Wisse bcyenodlseaascood sed oneac BO) Neascacae 
Notalsioodsconsumediss. S228 eo aa2 fe 3,088.0] 2,085.2 286.5 197.9 472.8 45.6 
THO COSE aN nee ee ese io ites oe ek ed SISO ewe ee 21.9 Ut) 16. 2 7.4 
PNTIT OWI R DEL UINZO Oe rer mien anita ae eC yw cae Pe 264. 6 190. 4 456. 6 38. 2 
IZOTACEMLAULMAZeMiryr eesti oe ene ec aa Re OS Es So oe 92. 4 96. 2 96.6 83.8 
Experiment No. 447, subject O. E.S.: eC 
Boston mackerel (in form of fish loaf) Bagh nae 1,348.0 834. 4 291.0 SON yas aisere 42.5 
EXOT FEN EO) es GER Rs eS a 476. 0 359. 4 11.9 5) 99.5 4.7 
RACKETS ee te ee eee Se Sanam aes 171.0 11.8 13.8 22.9 121.1 1.4 
TREO BS ee es es ae 1, 594. 0 1,348.5 6. 4 8.0 226.3 4.8 
SNES Sees Saas a Sos Gc CE Mere e Ape ee AGO OR Bee icrate, tai ol larckersieieetal| Alene eters 1GSSOS eee 
Motalsioodsconsumedss. 24.425. -52 4-5-2 3, (04:0). 2,554.1 323.1 211.5 611.9 53.4 
TEN EYOERSE SS SG A a Se el CORO} pyeeaw case 28. 6 12.2 21.6 7.6 
PACT OULU GAUL TRI Clean eps Seley late chs rars aor Rt os ls a a ce 294. 5 199. 3 590. 3 45.8 
TEASE LENA TUR ETT OZARK | 2S ee ic Pe oa A | Pps at IR ne 91.1 94.2 96.5 85.8 
Average food consumed per subject per day....| 1,172.4 781.4 108. 0 TPA 192.9 17.4 
Summary of digestion experiments with Boston mackerel in a simple mixed diet. 
Experiment No Subject Protein Fat Carbo- Ash 
s : sec: : 5 hydrates. : 
Per cent. | Per cent. | Per cent. | Per cent. 
AWA aie pean is.) 2U Ba TD HG pee GH a re Ee ta 94.7 95.9 95.1 90. 1 
EA GUNA mek te ieee ete Bai JAN Waa Ie Se Aaa ae Oa eC ee 92. 4 96. 2 96. 6 83.8 
Ct, KO RDS God Ca De HOE eeee ORT SORA Vora Cle eA ee 2 ied ae Gi 91.1 94. 2 96. 5 85.8 
IAVCTACC RRA ee aR ae 92.7 95.4 96. 1 86.6 


An average of 108 grams of protein, 73 grams of fat, and 193 
grams of carbohydrates was consumed per man daily during the test 
periods with Boston mackerel, the fuel value of the diet being 1,861 


calories. 


These constituents were found to be 92.7 per cent, 95.4 
sper cent, and 96.1 per cent digested, respectively. The coefficients 


of digestibility for the fish protein and fat were found to be 93.1 per 
cent and 95.2 per cent, respectively, when allowance was made for 
the undigested protein and fat resulting from the basal ration. 
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BUTTERFISH. 


Butterfish (Poronotus triacanthus) was chosen for one series of 
studies as an excellent fish of the type commonly used as pan fish. 
Butterfish occurs on the Atlantic and Gulf coasts from Maine to Texas, 


and during the year 1915 the catch of the coastai fisheries of New > 


York and New Jersey amounted to over 5,000,000 pounds. At times 
it is taken in such abundance that a glut in the market results, and, 
since this fish is usually sold fresh, great quantities are wasted. The 
butterfish which was studied in the experiments here reported was of 
a good commercial grade, purchased in the local market, and it was 
believed to be representative of this type of fish procured under the 
ordinary trade conditions. 

The three subjects who assisted in the study of the digestibility of 
butterfish, following the same routine which has hitherto proved en- 
tirely satisfactory, ate an average of 105 grams of protein, 37 grams 
of fat, and 208 grams of carbohydrates, daily, the fuel value of the 
diet being 1,585 calories. The data obtained for the three-day test 
period are included in the following table: 


Data of digestion experiments with butterfish in a simple mized diet. 


Constituents of foods. 


| 
Experiment, subject, and diet. | eee ee 
: ‘ arbohy- 
| Water. | Protein.| Fat. dance Ash. 
Experiment No. 452, subject D. G. G.: | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Butterfish (in form of fish loaf)._...........- 1,533.0] 1,120.9 303. 7 14 las Bee aA 33.9 
Ge Oe ee ibe eee DeAieat best 86. 8 .9 ily: 
OTACK CRS ees aca ee eet ce sets veces 322.0 22.2 Aas 2.6 
PEED Fs. Eo aaa <p a en ya | 1,259.0] 1,065.1 0 3.8 
STEEN SS ae nee ete ee eee WSO Oh 2 on ep to gees ea fete S| SO Ol cee 
Total food consumed..........------- | 3,418.0 | 2,295.0 41.5 
DGCiSk eek Na nanan Ripe care, aay ag 3K (ae ae 4.4 
AGN OWE CEGTEZOG Se ice eee ee eee eee [bb sSse S28 leat se 22852 Hiei! 
RERCEM GUL e Mi ee ees oes sec eeeee mores fet Be Se ae : : : 89.4 
—————t SSS SS SSS SSS SSS SS SSS SS 
Experiment No. 454, subject R. L. S.: | 
Butterfish (in form of fish loaf).........---. | 1,419. 1, 037. 31.3 
ELV ED ES et es a oes GNSS erg 139.0} 104. 1.4 
STAC KKOTSH Ae yey ae on aaa ie meee 24. 2.8 
d Tir bf Fy Se US gtd as RSENS a Cee eee See 4.3 
UPAR sf cet woe ag ees tL ce eee oe oe eess|,, 163 0 [2-222 eee pee ne eo eo eee 
Total food consumed...............-. i 39.8 
HIE COS eae eee eats ent etna ce wae ea ST 9.1 
FATHOM LOU TUEZOG yee et a a ea eee eee 30. 7 
Per Cent Utilized se. 3 es Be ee eee eS [oboe oe 77.1 


Experiment No. 455, subjeci: O. E.S.: 
Butterfish (in form of fish loaf)...........-- 
POPAtO eo bs ee ee ee Be 


ee eae ee a ee 


& 


E. 
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Summary of digestion experiments with butter fish in a simple mixed diet. 


J ‘ -.. Carbohy- 
Experiment No. Subject. Protein. Fat. aratow. Ash. 
Per cent.| Per cent.| Per cent.| Per cent. 
CGO Fa Pee 8 ae ae ee DAG GES A So eT ae ae ¢ 94.0 - 3 
CUGY JE pee eae Nee Gia SU a ae TBA d Dinter ett a 92. 2 92.3 97.4 Uilodl 
Oa Oe OE Va eR Se eee eae (OA Dias eee Oe BO Aa 09 Ens eet Rae an Ore 28 89.6 83.3 97.7 75.8 


In the digestion experiments made with butterfish, the subjects ate 
an average of 471 grams of fish daily, which supplied 93 grams of 
protein and 23 grams of fat. The protein, fat, and carbohydrates 
of the total diet were found to be 91.7 per cent, 89.9 per cent, and 
97.8 per cent digested, respectively. ‘The values 91.7 per cent and 
89.9 per cent for the digestibility of the protein and fat of the total 
diet become 91.9 per cent and 86.4 per cent, respectively, if allow- 
ance is made for the undigested protein and fat resulting from the 
basal ration. The estimated value, 86.4 per cent, for the digesti- 
bility of the fat of butterfish is somewhat lower than that of the 
other fish fats here reported. ‘This lower value is no doubt in part 
due to the “heaping up of errors” involved in estimating the diges- 
tibility of a fat of a single food when it represents so small a por- 
tion of the total fat eaten. The subjects reported that they re- 
“Mained in normal physical condition during the experimental 
periods, except that subjects D. G. G. and O. E. S. reported that 
the diet produced a constipating effect, which was due, no doubt, 
to its very complete utilization. 


GRAYFISH. 


“The grayfish (Squalus acanthias, Linneeus), which is very abundant 
and easy to catch, though known to be wholesome, of good flavor, 
and usable for many appetizing dishes, has not been utilized to any 
extent in this country for food purposes, but has been considered 
largely as a source of oil and fish scrap, a fishery industry by-product 
of value for fertilizer material. Recently the Bureau of Fisheries 
has devoted considerable attention to the possible use of this fish in 
human nutrition and is of the opinion that it constitutes a cheap and 
very wnolesome food. 

In the literature consulted, no reports were found of the digesti- 
bility of grayfish. In order to judge of the value of the grayfish in 
the dietary, it seemed desirable to obtain information on this point, 
and, accordingly, tests were made im which canned grayfish was 
served in the form of a fish loaf in conjunction with the simple basal _ 
ration employed in the other tests reported in this paper. The canned 
fish used for this study was supplied by the Bureau of Fisheries and was 
taken to be representative of a large pack put up by a commercial 
concern under the direction of the Bureau of Fisheries. 


10 
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Denis ‘ in a study of the blood of a number of fishes found urea in 
the blood of the grayfish. An analysis of the canned grayfish showed 
that the flesh of this fish contained both ammoniacal and urea 


nitrogen. 


The amount of nitrogen present in this form is, however, 


relatively small, and when allowance was made in the experiments 
which follow for this nonprotein nitrogen it was found that the 
value for the coefficient of digestibility of protein was not materially 


changed. 


Kight digestion experiments have 


been made with the grayfish 


and the results obtained for the three-day test period are reported in 
the following table: 


Data of digestion experiments with grayfish in a simple mixed diet. 


Experiment, 


Experiment No. 535, 


Grayfish (in form of fish loaf) 


Potato 


Feces 


Experiment No. 537, 


Grayfish (in form of fish loaf) 


Potato 
Crackers fee es 


Feces 


Experiment No. 538, 


Grayfish (in form of fish loaf) 


Potato 


Feces 


Per cent utilized 


Experiment No. 547, 


Grayfish (in form of fish loaf) 


Potato 


Feces 


subject, and diet. 


subject H. R. G.: 


subject P. K.: 


Se i a 


subject C. J. W.: 


subject H. R. G.: 


1 Jour. Biol. Chem., 16 (1913), No. 3, pp. 389-393. 


Constituents of foods. 
Weight | 
of food. | Carbo- 
Water. | Protein.| Fat. | hy- Ash, 
drates. 
Grams. | Grams. | Grams. | Grams. | Grams. | Grams 

1, 409.0 971.2 244.3 160/39 25 39751 ( 

366.9 12.1 0.5 101.6 4.9 
400.0 27.6 32.4 538.6 283. 2 2574 
| 581.0 491.5 IAS 2.9 82.5 1.8 
| 2,876.0 1, 857.2 291.1 218 467.3 42.6 

6450 Fee eae 37.8 WR 1523 3.6 
NE eyed aed Me le 200185 210.5 452.0 39.0 
| 87.0| 96.6] 96.7] 91.5 
| ————————— 

1,621.0 Heb /e33 281.1 S504 2 eee 37.6 
507.0 382.8 a Pf 0.5 105.9 Feit 
529.0 36. 5 42.9 70.9 374. 5 4.2 
890.0 752.9 3.6 4.4 126.4 aad 

3, 547.0 2,289.5 340. 3 | 260. 8 606. 8 49.6 

SOS OMEE toe ee Wed 8.5 81 4.7 
| <p aed Sears ae 322.6 | 252.3] 598.7 44.9 
Eee far n | 94.8 | 96.71 98.7). 90.5 

asi) 917.4 230. 8 RSS FAS I Aer ee 30.9 
452.0 341.3 iplee} 0.4 94.5 4.5 
202.0 13.9 16.4 Pail 143.0 1.6 
944.0 798.6 3.8 4.7 134.1 2.8 

1250 sa See | ES So | Se eset VAC Se eee 
2,941.0 PA AIP 262.3 184. 1 383. 6 39.8 
LOFT HA 0) Pie oe ME 27.7 13.9 14.9 8.5 

es See Ie eee eae Rae eS a 170.2 368. 7 31.3 
Dib rocaeye 3 Vie eA a 89.4 | 92. 4 96.1| 78.6 

1, 142.0 762. 2 219.7 PHA Eee & zee se 27.9 
425.0 320. 9 10.6 0.4 88.8 4.3 
343.0 PRET 27.8 46.0 242.8 Zt 
599. 0 506. 8 2.4 3.0 85.0 1.8 

2,509.0} 1,613.6 260. 5 181.6 416.6 36.7 

49:0 2)) fas Sees 26.7 7.6 9.7 5.0 
RRR Oe Cod he Beg 2 S| 233.8 174.0 406.9 olad 
uxt Fuashiecreys eg 89.8| 95.8| 97.7| 86.4 
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Data of digestion experiments with grayfish in a simple mixed diet—Continued. 


Constituents of foods. 


* : * Weight 
Experiment, subject, and diet of food: Carton 
Water. | Protein.| Fat. hy- Ash. 

drates 
Experiment No. 548, subject A. J. H.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Suter @neformiotfishiloat)s. sen. == eee 1, 097.0 732.1 211.1 IQTO see 26.8 
CONTEC) tsi ts OS ie ea eS a LU Pe hs gE a ez ne eu IMR ty MA a eae oe abe eee ed PAA AME haa) ca 
(CAREY NETS IES ae rel aN eg a rN 76.0 5.2 6.2 10.2 53.8 0.6 
TESS Be tes Ca I A a ee a SN ee 168.0 142.1 0.7 0.8 23.9 0.5 
SUI oso Ses Ge comabeee bone eeasbonoaunes sAdore Ae) Nencecuserdlonadoddsolaguescace Ou (eae 
Total food consumed................. 1, 345.0 879. 4 218.0 138.0 81.7 27.9 
UNG OS SBS AS ee 6s een rene CR mat eae age pa EGLO ike ee eee 6.5 5.7 3.7 3.1 
NETO TTR ATH UN ACC ey a ie ete a ae eS nes leona els ea 211.5 1382.3 78.0 24.8 
J XSTE GAIN FOU ASG Us Se te ers pee cs Be a ree an Kae a 97. 0 95.9 95.5 88.9 

Experiment No. 549, subject P. K.: 
Grayfish (in form of fish loaf)............-. 1,634.0 | 1,090.5 314.4 L802) |) sates 39.9 
IOC AGOR ee eens SESE eee sos ae Seals els 500. 0 BY (Cena) 12.5 0.5 104. 5 5.0 
(CHRRYON ESS She Gore ochre SETS rote ani ei 463.0 32.0 37.5 62.0 327.8 Bh 7 
FE TGUTI errr pee np al casi IRS 926.0 783.4 abt 4.6 131.5 2.8 
CURE gag so ve CA ORB ee Sea eM ep Oe Uber tone apne eee ae ee One prema Gmentemeaiinenrocarilercaasks 
Tatalifood.eonsumed.i.... 20.2222... 2 3, 523.0 | 2,283. 4 368.1 | 256.3 563. 8 51.4 
IDOE Se EAS Pe a ANE ei RD ep a SOROM eetees 15. 4 9.9 6.1 4.6 
LSTTIOUO TO CTE GAOS Gee es es ne payee pean HOt Sa gp ee 352.7 246. 4 557.7 46.8 
pameonemilizedenie sn ence Se a PP OR SUL Casa |e Nioeton | ameranen 
Experiment No. 579, subject P. K.: re 
Grayfish (in form of fish loaf).............. 1,175.0 Us oF 230. 5 1539 ON ee 17.8 
IPOTO HME SASS Sse CRs CNSR are ens ania eee rae 434. 0 BPST 10.9 0.4 90. 7 4.3 
Craclkenssee ya ee ise eas cig Neca he eee ee 416.0 28.7 Boul 55. 8 294.5 8) 
TOYO Rat hse Ps Be I AT ee ene i ee a ee 1, 038. 0 878. 1 4.2 5.2 147.4 3.1 
PSHUWERENE 5 elie es A Si at ie ye ees aa BOSOM ee Mea Mee ee UO Me era B52 On eee 
Total food consumed ...............-- 8;098.0 | 2,008.2 279.3 214.4 567.6 28.5 
TRCYOVIS LE is Ge se i ne NL ee A OM eRE oe Ae 13.6 10.0 5.9 4.5 
PAGING UTNE HU: UBL Chapel as oat es Ud LU TE Vas oe 265. 7 204. 4 561.7 24.0 
HP CTAGCHULpULUTIIZ Cpe ae et ree ne Le lea te AS Oa ee 95.1 95.3 99.0 84.2 
Experiment No. 580, subject C. J. W.: oy 
'  Grayfish (in form of fish loaf)............... 1,151.0 757.9 225.8 1495.9) wees 17.4 
LEON THOS Sno EHe ESE Ct Ge CEE a 6 eres etn eae came 462.0 3848. 8 11.5 0.5 96.6 4.6 
CrACKCES Mee tae aie se els Ma Ve OY A _ 185.0 12.7 15. 0 24.8 131.0 1.5 
TUS ee ere Be ae ie a edie gees aaa 1,168.0 988.1 4.7 5.8 165.9 3.5 
SOS I 5 Gat 45 a eal eee ae me Tg 0) Wea NEA ae FAN es ea a UA 11250: eee 
Total food consumed................. 3,078.0 | 2,107.5 257.0 181.0 505. 5 27.0 
TENE SES a TNE ST ena ee SSH Oe eas ae eed 22.8 15.5 11.5 8.2 
INS AYO TTTE Ep TTAB TA SIG ies Cee Ai a a eo Se a an 234.2 165. 5 494.0 18.8 
HZ OTAC CANtAPEG INI ZAC Cae rren e iar econ 1a Me Re le ge 91.1 91.4 97.7 69.6 
Average food consumed per subject per day..... | 954.9 | 629.6 94.9 68. 1 149.7 12.6 
i 
Summary of digestion experiments with gray fish in a simple mixed diet. 
Experiment No Subject Protein Fat Carbo- Ash 
3 Jeet : * | hydrates. : 

Per cent.| Per cent.| Per ceni.| Per cent. 
BRD Sey Se ay a eae SEES TVRs Gere eye p MELO ION Nags 87.0 96. 6 96. 91.5 
ESS SOH Se Piel Sey cli es aa ae Bt) Cepstral Rea aN gral RE 94.8 96. 7 98.7 90.5 
Bid See Rel iar a peal MEP eS 4 CRW EN i GA eee Ss i Ga 89. 4 92. 4 96.1 78.6 
EESP eE Sepik Sy 25. 0 3 aN ie pe METRE GaSe Ne en MRE Le 89.8 95. 8 97.7 86. 4 
Thess SIA Oey a ty bane na ieee TRCN N 91 as a ane ee | 97.0 95.9 95.5 88.9 
FG ne io ah 015 jong a eo DEA EG a ia te Nt Ce aN ca 95. 8 96. 1 98.9 91.1 
BS Ss BSS SR See Na 12 od CERI gree ot rhe eae age ar 95.1 95.3 99. 0 84.2 
Usa seuss KoaGee ena. (Oa TEEN hiextngh ia leap nV ae 91.1 91.4 97.7 69.6 
INV OR AE O Rares es since Sicisieitic ain Sas 92.5 95.0 97.5 85. 1 
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Considering the diet as a whole, 95 grams of protein, 68 grams of 


fat, and 150 grams of carbohydrates were eaten per day, of which 


92.5 per cent of the protein, 95 per cent of the fat, and 97.5 per cent 
of the carbohydrates were digested. The fuel value of the diet was 
1,592 calories. The estimated digestibility of grayfish protein and 
fat as obtained by making allowance for the unutilized protein and 
fat resulting from the accessory foods of the diet are 92.8 per cent 
and 94.3 per cent, respectively. 

The four different subjects who assisted in the eight experiments 
conducted to determine the digestibility of grayfish ate on an average 
440 grams of grayfish daily as compared with 471 grams of butter- 
fish, 448 grams of mackerel, and 355 grams of salmon, which would 
indicate that this fish was eaten with as much relish as the other 


fish studied. 
SALMON. 


Since difficulty was experienced in securing fresh salmon for the 
purpose of this investigation, a good grade of canned salmon (Chinook 
salmon, Oncorhynchus tschawytscha) was used instead in the experi- 
ments here reported. The canned salmon was purchased without 
regard to any commercial brand from a wholesale grocer, and was 
taken to represent this type of fish in general use. 

The results obtained in three-day test periods with salmon are 
given in the table which follows: 


Data of digestion experiments with salmon in a simple mized diet. 


Constituents of foods. 
Experiment, subject, and diet ee | ee ‘5 
s z | Z arbdo y- 
Water. Protein.| Fat. dee Ash. 
Experiment No. 561, subject H. R. G.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Salmon (in form of fish loaf)................ | 1,004.0 | 621.8 249.8 108.3422 oeeee 23.6 
WGLAL OE = er So eee. eo ee | 411.0 310.3 | 10.3 0.4 85.9 4.1 
rackersseees see he eee es Ree | 297.0 | 20.5 | 24.0 39.8 210.3 2.4 
BTL e seers aes ee ee to ee eee Se eR 514.0 | 434.8 24 2.6 73.0 dees 
SENS OR ee ae ee Ee ee eee 23.0. 2 ee lee eee 2 Os. Geers 
Total food consumed -- 72-2222 252222 | 2,249.0] 1,387.4) 286.21 151.6 392. 2 31.6 
BUC COS serene Sele oe Ain ek AE el a Bm I ee AGE OQ as sss 23.3 | 4.7 13.5 4.5 
Amount tiliZed a2 Sse ae ee See BS ee a Sl eee 262.9} 146.9 378.7 | PEE! 
Per cent aiiilived sca a, Fo SAS ee ee eee 91.9| 96.9 96.6 85.8 
Experiment No. 562, subject A. J. H.: 
palmow (inform! of fish loat):2. 2-52.32 2 854.0 528.9 212.5 Per Bee ie } 20.1 
GALORE ee pee | peri we" Vier ieee eS Pr aa | oe (eee eae 
Crackers 402 ee ee Pee bas 104.0 ‘Pe 8.4 14.0 73.6 0.8 
MTG ok Cae 1 Greene ages eis) 1G 103.0 87.2 0.4 0.5 14.6 | 0.3 
DEPT ee ie eee wa ag sake. Lerma ep JS | i ea eee i dl a ey 7. Ue Perey = 
Totaliood consnmed-- 4:2 - 224 22-28 1, 085. 0 623.3 221.3 107.0} 112.2 | 21.2 
ECGS ere wise 822 5 eee re ee re ee ee POS Us Sera leeere see 18.3 12.1 7 4.9 
PAIN OTE WIZE 308 ee ee Se ee fea A sae ae ta eee 203.0 94.9 105.5 16.3 
POT Cent tbilized 3. Fes oe Poe os Fe ee en 91.7 88.7 94.0 76.9 
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Data of digestion experiments with salmon in a simple mixed diet—Continued. 


Constituents of foods. 


Experiment, subject, and diet. Wein e | 
; r : arbohy- 
Water. |Protein.; Fat. drates, | “Sh. 

Experiment No. 563, subject P. K.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 

Salmon (in form of fish loaf)................ 1, 286.0 796. 4 320. 0 S940 | een 30.2 

IPO TREO S aie Sto eae a ee ere 553.0 417.5 13.8 0.6 115.6 bys 

W@raCkens hasan csi ROSE a oie fs eG 325. 0 22. 4 26.3 43.6 230. 1 2.6 

IE TGULT eee peny eeaayoe re = octal sas lay Sotiherc ete 717.0 606.6 2.9 3.6 101.8 PAL 

SLI Palen Mee yee alas Wareie nse aioe islneutcn woke GON Oa ees wer etn eee Sree eter eee (ORO ees eee 

Total food consumed..............:.. 2,941.0} 1,842.9 363. 0 187.2 507.5 40.4 

WOCOS esi oe wae eee FSO TOG ME Sea AOWOR Bi pmcrrcrerete 16.4 6.2 19.1 4-83 

ARO OTOP OTN TARE Lo Gace Gees SOUSA osc Ree CeCe ee ern Cece 346. 6 181.0 488. 4 33.1 

Remcemimitilized ss har ek Se NV ee oe 95.5 | (96:7 | “oeloi|s Weill 
Experiment No. 564, subject C. J. W.: 

Salmion:Gn'formioffish loaf). ..25 02-5... 1,115.0 690.5 277.4 TP2ONO Ser aces 26.2 

POU so Cahn BASS Se ak ee De Le ee 431.0 325. 4 10.8 0.4 90.1 4.3 

WraCKEnS sername et fe Se 177.0 12.2 14.4 23.7 125.3 1.4 

IDO Sooe Cae GE oo AE ROUSE = ene eee ee 842.0 712.3 3.4 4.2 119.6 2.5 

SUBD oS se SS ae Se aaeonen e LOS ROR eee eee Meal Se cae eee |o-e------ LOD On| 

| 

Total food consumed................. 2,670.0} 1,740.4 306.0 149.2 440.0 34.4 

INEGES oyacade choo be Obs HU ee ae ene HinWaledoeaoeace 23.6 4 18.4 6.6 

PAGIAT OUT GpULOTINZE G eyenc tees = ctevajsis capi ts rethe  O| Os wntne pene cfineeae meses 282.4 141.8 421.6 27.8 

AO RAC HC RUIZ eee ae ae ps ee REIS K lll poo Naimaiseat lari Sa oa 92.3 95.0 95.8 80.8 

Average food consumed per subject per day.... 745. 4 466. 2 98.0 49.6 121.0 10.6 

Summary of digestion experiments with salmon in a simple mixed diet. 
Experiment No Subject Protein.| Fat. |,C@™PO | ash 
Pp ; geet: Ys | hydrates. : 


Per cent.| Per cent.| Per cent.| Per cent. 
96.9 ; 


GGL se eI ae le a ee ea NETO ES Ga RR NE ERTS Mare Re gars 91.9 : 96.6 85. 8 
SG ee epee ee eee rae Seal JN Voce] ER Bie eS ee se eae ae 91.7 88.7 94.0 76.9 
Dies cite camer ee ees ROO IAN ee RT EER ESAS ESN 95.5 96.7 96.2 81.9 
Le Bele SoC amb ee a ae (Ore AER NA ie Ss CN SANS ore ne een 92.3 95. 0 95.8 80.8 

AW CT AS Cute Mieom gas Hi otian se ee 92.9 94.3 95.7 81.4 


In the test periods in which canned salmon was included in the 
experimental ration, the subjects ate an average of 355 grams of 
salmon daily. The total diet eaten supplied 98 grams of protein, 50 
srams of fat, and 121 grams of carbohydrates per day, and the coef- 
ficients of digestibility were found to be 92.9 per cent for protein, 
94.3 per cent for fat, and 95.7 per cent for carbohydrates. The fuel 
value of the diet was 1,326 calories. When allowance is made for 
the undigested protein and fat residues occurring in the feces result- 
ine from the accessory foods of the diet, the digestibility for the 
protein and fat of salmon is found to be 93.2 per cent and 93.7 per 
\ cent, respectively, and indicates that salmon is very completely uti- 
lized by the human body. 
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- SUMMARY. 


In the study of the digestibility of the protein and fat supplied — 
by some common varieties, fish in the form of “fish loaf’? was served 
as the major part of a simple mixed diet, which also included pota- 
toes, crackers, fruit, sugar, and tea or coffee. The principal results. — 
are summarized in the foliowing table: 


Summary of results of all digestion experiments. 


| | Average 


~, amount of | Digestibilit - oo Se 
- Number of Kind of fish. : fish eaten offish | D Spee tatity. 
BSCE ROUTES per man protein. 2 fic 
per day. 
| Grams. Per cent. Per cent. 
2 eee eee IWMACKereli o£: Selassie Pome: 3222 aha eae 448 93.1 95.2 
ieee Sn eres {=aS ULEORES I): & SER Oo oe Sestak eet 471 91.9 86.4 
a en eta | Grayash'-- 22 eece: sce ee oe ee ey 440 92.8 94.3 
Avent e) Alar | Salmons ieee ee aoe aaas See eee ee eee 355 93.2 93.7 


On an average, the subjects ate 448 grams of Boston mackerel, 
471 grams of butterfish, 440 grams of grayfish, and 355 grams of 
salmon daily, which would indicate that in every case the fish was 
eaten with relish. 

Considering the experiments as a whole, the total diet supplied on 
an average 99 grams of protein, 60 grams of fat, and 160 grams of 
carbohydrates daily, the fuel value being 1,576 calories. The low 
amount of fat and of carbohydrates was due to the fact that butter 
and similar fat were omitted and the foods other than fish loaf which 
supphed both protein and carbohydrates, were limited in order that 
both the fat and the protein in the diet might be contributed in as 
large proportion as possible by the fish. 

The average coefficients of digestibility ‘for fish proteins were: 
Boston mackerel, 93.1 per cent; butterfish, 91.9 per cent; grayfish, 
92.8 per cent; and salmon, 93.2 per cent. In view of the close 
agreement, it would seem, from a dietetic standpoint, that the differ- 
ent fishes studied would supply protein in equally available form. 

The average coefficients of digestibility of the fish fats were found to 
be as follows: Boston mackerel, 95.2 per cent; butterfish, 86.4 per ~ 
cent; grayfish, 94.3 per cent; and salmon, 93.7 per cent. As these 
figures show, the fats were well assimilated in the case of the mack- 
erel, grayfish, and salmon, which, according to the usual custom, are 
to be regarded as “fat fishes.’’? Considering the experiments as a 
whole, the very complete utilization of the protein and fat supplied 
by the fishes studied offer additional experimental evidence that 
fish is a very valuable food and that its extensive use in the dietary 
is especially desirable. 
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